A new type of supported chiral rhodium catalysts (denoted as MMS) was synthesized by using smectites as hosts with various interlayer distances. The clearance spaces of smectites varied from 1.55 to 2.75nm depending on the intercalated quaternary alkyl ammoniums, (n-CnH2n+1)2(CH3)2N+(q-Cn;n=10, 14, and 18). Each MMS shows a single phase of the layer structure, suggesting that the rhodium complex and alkylammoniums exist in the same gallery. The charge density of the hosts exerts the great influence on the orientation of guests and the interlayer distance. In the hydrogenation of acetophenone, the activity increased especially with the basal spacings of smectites and the highest selectivity was 59%e.e. achieved by Rh-BINAP/taeniolite. The open space in the gallery of our catalysts affects the activity and selectivity.
Introduction
Recently the design of new catalysts and catalytic systems has been aimed at attaining the dual goals of environmental and economic benefit. [1] A great deal of effort has been made to optimize factors such as activity, selectivity, stability, turnover number, solubility, and ease of separation from the products. Misono indicates the importance of solid catalysts from the viewpoint of atom efficiency and life cycle assessment42] The synthetic processes for fine chemicals and pharmaceuticals produce an extremely large number of byproducts compared with those for oil refining and bulk chemicals since the former products require the elaborate and multi-step reaction processes. In the industry of these sophisticated chemicals, high-performance catalysts with high activity and selectivity have been long sought. We have found that various supported metal complex catalysts by using clays [3] [4] [5] and MCM-41 [6] according to the published paper. [7] Quaternary alkylammoniums with different longitudinal straight chains were used as structural tuning guests, i.e., (n-C10H21)2(CH3)2NBr, (n-C14H29)2(CH3)2NBr, and (n-C1sH37>(CH3)NBr were obtained from Tokyo Chemical Industry Co., Ltd. Each structural tuning guest is designated as q-Clo> q-C14, and q-C18, respectively. and LTV Vis spectroscopy by a SHIMADZU UV 2101 PC spectrometer.
Preparation of MMS catalysts
Multiple modified smectites (MMS) were prepared by the intercalation of Rh-BINAP into q-Cn (n = 10, 14, and 18) modified smectites (q-Cn/host species) by cation exchange. [4(c)] The MMS catalysts are designated as x/y/smectite (n), where x and y indicate the loading amounts (mmol-l00g) of Rh-BINAP and q-C, respectively, and n is the carbon number of longitudinal alkyl chain in q-Cn. Rh-BINAP did not show the asymmetric selectivity in the hydrogenation of acetophenone (run 1 in Table 2 ).
To enhance the chirality of Rh-BINAP, several chiral amines were examined for the catalytic reaction with or without KOH. The results clearly showed that 1, 2-diphenylethylenediamine (DPEN) was the most effective chiral amine and the configuration of the product was mainly determined by DPEN instead of BINAP ligand (see runs 6 and 7 in Table 2 ). It is also found that NaOH remarkably accelerated the catalytic reaction. The results of acetophenone hydrogenation by various MMS catalysts were summarized in Table 3 in comparison with those of the smectite-supported Rh-BINAP without q-Cn (see runs 1 and 2 in Table 3 ). It is obvious that the taeniolite-MMS showed notably high activity and selectivity (see runs 6-9), while the hectorite-MMS had even lower activity than the smectite-supported catalysts without q-Cn though the hectorite-MMS had larger C.S. than the smectite-supported catalysts without q-Cn. These results indicate that q-Cn in hectorite-MMS might block the part of layer space to reduce the reaction rate. Therefore, we have calculated the open space (VS) in the gallery of MMS based on the CS., and the loading amounts of Rh-BINAP and q-Cn.
[10] The asymmetric selectivity is plotted as ordinate and Vs as abscissa (Fig. 1) . The relationship between the selectivity and VS can be recognized and 
